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INTRODUCTION 
The processes of heat exchange may be 
intensified in many ways. Causing the 
pressure pulsation in fluid flow is one of 
them. This problem has been a subject of 
many investigations, but they were solely 
approximate and the mechanism of the 
phenomenon is not thoroughly known. The 
results obtained by research works are 
frequently different. Moreover the results 
are practically incomparable because the 
ranges of variations of parameters assumed 
as independent are different. Therefore 
this case of heat exchange has been not 
unmistakable quaintative formulated in the 
form of adequate generalized formulae and 
has =~rely been used in practice. It seems 
that this method of intensification may be 
a great importance wherever pulsating flow 
of agent are organically compounded with 
working of given machines and equipments. 
In consideration of this fact this paper 
attemps to establish the influence of 
parameters characterized such flow on the 
heat exchange processes existing in coolers 
of the reciprocating compressors [ 1], [5], [6]. 
MODEL OF HEAT EXCHANGE IN PRESSURE 
PULSATION CONDITIONS 
It is very difficult to solve analytically 
this problem basing oneself on the differ-
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ential equations described the discussed 
case of heat exchange. The attemps which 
have been undert&k9n refered to certain 
simple examples with m.& .. ,; simplified 
assumptions. Therefore this po.pe.- presents 
rather different solution basing on the 
following model of heat transfer in cond-
itions of pressure pulsation in the gas 
flow. The intensity of heat transfer from 
the gas flow to the wall of a pipe-line 
depends on the thickness of laminar 
boundary layer and its level is maximum 
with the smallest thickness of laminar 
boundary layer. The minimal thickness of 
this layer is found when the amplitudes 
of pressure pulsation are greatest. These 
amplitudes exist during the resonance of 
free vibration frequency of gas mass in 
the compressed gas installation which 
contains the cooler with the coactive 
frequency or its higher harmonics [3],[4]. 
CALCULATION OF FREE VIBRATION FREQUENCY 
OF GAS MASS IN THE COMPRESSED GAS 
!NSTALLATION 
The calculation of free vibration frequency 
of gas mass in given instalations takes 
the solution of differential equations 
described pulsating gas flow adequate 
conditions for this installation. The 
friction is leaved out of account. There 
is assumed that the flow is one-dimensiona~ 
all processes in installation are &tlabatic 
and changes of gas density caused b~ 
pulsations are small in relation to its 
average. With this simplified assumptions 
it is possible t~ present the equations 
described pulsating gas flow in the simple 




or after several transformations as wave 
equations: 
/2/ 
The boundary conditions at the beginning 
and in the end of installation are given 
in the form of the mechanical impedance. 
For the completell~ opened tip /in an 
acoustic sense/ the impedance Z ~ 0. The 
example of the tip like this may be the 
end of installation b~ which the gas is 
inductioned or extrusioned to the atm~e 
or to the gasholder with the infinite 
volume /in an acoustic sense/. For the 
completelly closed tip /in an acoustic 
sense/ the impedance Z =CXJ • The example 
of the tip like this is the end of the 
installation connected with the reciproca.t:iDg 
compressor /takin~ no account volum~ of 
the cylinder and the valve chamber/or 
strongly throttl valve in installation. 
The methods of calculation of mechanical 
impedance of certain elements of the 
fitting and technological equipment which 
is a component of compressed gas install-
ation discussed in Reference [2]. 
THE CRITERIAL EQUATION OF HEAT TRANSFER IN 
PRESSURE PULSATION CONDITIONS 
The analysis of the assumed model denotes 
that the heat-transfer coefficient ~in 
discussed case is a function of ten 
independent parameters: 
o: = f(wsr•9sr'd,'(,cp,71.,bpa'Psr'w,wo) 131 
In accordance with principles of dimensional 
analysis this function may be showed as 
product of powers: 
a b c d e f g_h k 1 ex= cwsr<?srd '1. cp]( hPa.Psrw we; /4/ 
After several transformations the equation 
/4/ assumes a·form: 
" (dpsr'f+h(luo - W!)k(dwof+l 
w sr?J We w s;J /5/ 
After introducing the Nusselt, Reynolds 
and Prandtl criteria! numbers symbols and 
after remaking of exponents finally is 
obtained: 
THE RESEARCH STAND 
For revision of conception of given model 
of heat transfer in pressure pulsation 
conditions and for evaluation of the 
criterial equation /6/ coefficient and 
exponents experimental tests were carried 
out. Scheme of the research stand is 
showed in Figure 1. The model of heat 
gauge /t~pe pipe-in-pipe/, the piston 
generator of pressure pulsation, the 
flow-fan and electrical heating install-
ation with regulated calorific effect were 
used as fundamental elements of this stand. 
Figure 2 illustrated the acoustic comput-
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2 
. Fig. 1. Scheme of research stand; 1 - forsing r·row fan, 2 - cJJ.amber with separa
ted 
volume, 3 - electrical heating s;ystem with regulated calorific effect, 
4 - pistoll generator of pressure pulsation, 5 - model l:!ea,t exchaoger /type 
pipe-in-pipe/. 







Fig. 2. Acoustic analit;ycal scheme of research stand. 
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/7/ 
ational scheme of the research stand which 
was used for derivation of dependence /7/ 
making it possible to calculate the free 
vibration frequency of gas in the stand 
casing. Construction of this stand made it 
possible not only to regulate of fundam-
ental parameters characterized pulsating 
gas flow /an amplitude and frequency of 
pulsation/ but to regulate of this agent 
quantity as well. Ranges of variations of 
these parameters were selected from the 
point of view of possibilities of utiliz-
ation the results of this test for calcul-
ation of interstage and terminal coolers 
of reciprocating compressors. 
EXPERIMENTAL TESTS 
The experimental tests of pressure puls-
ation effect on the value of heat transfer 
coefficient were preceded by the test of 
the research stand. The object of this 
test was to estimate the stand. The test 
in investigation of the heat exchanger 
model in conditions of steady-state gas 
flow with different values of the Reynolds 
number. Basing on this the real values of 
the coefficient were determined and then 
compared to values presented in the bibli-
ography. It was possible to state the 
correctness of research stand construction 
and execution because the results of tests 
were comformable to data in bibliography. 
The fundamental tests were carried out for 
the Reynolds numbers of Re = 10000, 15000, 
20000, 25000 and coefficient of fluctuation 
of pressure ~Pa 
= u.03, 0.06, 0.09, 0.12, Psr 
0.15. The forcing frequency was changed 
stepless in range G.J = 41.888 1- 136.136 r: 
• rev /n = 400 + 1300 m~n/. The results of tests 
were set as diagrams ~ = f(n) for partic-
o 
ular Reynolds number with different 
coefficients of fluctuation of pressure 
and ~ = f(n) for each coefficient of 
fluctuation of pressure with different 
Reynolds numbers. In accordance with a test 
program a coefficient and a exponent of 
the criteria! equation /6/ were determ:ined.. 
Figure 3 and Figure 4 show for example for 
Re = 10000 and different coefficients of 
fluctuation of pressure and ~Pa __ 0.15 
P.sr 
for different Reynolds numbers the curves 
described by these equations with the 
results of experimental tests. 
400 1000 no11 tzoo n~] 
Fig. 3. Diagram ~ = f(n) for Re = 10000. 0:0 
600 ,;01 Boo 1000 








Basing on tests which results are presented 
in this paper it is possible to note that 
pressure pulsations greatly effect on the 
value of heat transfer coefficient during 
a resonance of second harmonic free vibr-
ation frequency with forsing frequency. 
The quantity of this effect depends on the 
Reynolds number value and coefficient of 
fluctuation of pressure. For given Reynolds 
number the intensity of heat transfer 
increases when the coefficient of fluctu-
ation of pressure are higher whereas for 
given coefficient of fluctuation of 
pressure grows smaller with the increase 
of the Reynolds number. Such changes of 
value of heat transfer factor a under the 
influence of pressure pulsation certified 
to correctness of conceptions of assumed 
testing phenomenon model and resolved 
advisability of this phenomenon investig- · 
ations. 
NOMENCLATURE 
a speed of sound 
A cross-sectional area pipe-line 
cp specific heat of gas with constant 
pressure 
d inside diameter of pipe-line 
l lenght of pipe-line 
D rotational speed of pulsation pressure 
generator 
Nu Nusselt number 
p instantaneous gas pressure in pipe-line 
Par mean gas pressure in pipe-line 
~Pa absolute value of pressure pulsation 
Pr Prandtl number 
Re Reynolds number 
V volume 
w instantaneous speed of flow 
wsr mean speed of flow 
x distance coordinate along pipe-line 
~ heat transfer coefficient for pulsatiDg 
flow 
416 
~0 heat transfer coefficient for 
established flow 
~ dynamical coefficient of viscosity 
~ thermal conductivity 
9sr mean gas density 
1'- time 
w angular frequency of pressure pulsation 
generator 
C,..)o angular frequency of gas free vibr-
ations 
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